
JJMIE 
Volume 16, Number 3, June. 2022 

ISSN 1995-6665 

Pages 439 – 448 

Jordan Journal of Mechanical and Industrial Engineering  

Harvesting Human Being Energy to Charge Smartphone 

Elaf J. Majeed1 , Amani J. Majeed2* 

1University of Basrah, College of Engineering, Electrical Engineering Department, Iraq 
2University of Basrah, College of Engineering, Petroleum Engineering Department, Iraq 

Received 21 Nov 2021     Accepted 17 Apr 2022 

Abstract 

Rapid development has occurred recently in the use of thermoelectric generators (TEGs), as they have been applied in 

numerous fields. Although TEGs can harvest the body's energy, the output voltages they yield are extremely small (a few 

hundred mV). Accordingly, the objective of this paper is to study the possibility of enlarging a voltage generated by the TEG 

to a level where it can be used. 

In this paper, we provide a comprehensive simulation of the performance of TEGs system that harvests human energy by 

using one topology of the conversion circuit, the DC/DC step-up converter, that raises the external voltage so that portable 

mobile devices can be charged. In the proposed system ten pieces of the TEGs have been used, every system contains 35 

TEG couples connected serially by legs. The methodology of the current study focuses on using the finite element method 

(FEM) to simulate the TEG system, where we used ANSYS Workbench software platform (Professional Version 18.1). 

Moreover, MATLAB and PSPICE Simulink have been used to simulate the energy conversion circuit. The outcomes of this 

study can be summarized in the following points: 1) the total voltage obtained from the ten pieces of the TEG system is about 

(2.165V). 2) Using the boost DC/DC converter system help to enlarge the total voltage of TEG to 5 Volt. 3) There is no 

signifying effect for the different shapes of TEG legs, where a comparison was made between two different shapes of TEG 

legs, one is rectangular and the other is equivalent cylindrical. 4) The results of TEG were also compared with the results of 

previous work, and a good agreement has been attained. 5) MATLAB - PSPICE simulation programs were used to design 

and implement the DC-to-DC boost converter circuit, and the results showed the output response of the overall system being 

in line with the study objectives. 
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Nomenclature 

𝐴 Area [m2] 

𝑐 Heat capacity [J kg-1 K-1] 

𝐶 Filter capacitance [F] 

𝐷 The duty cycle [-] 

𝐸 Electric field [V m-1] 

𝐹𝑠 Switching frequency [Hz] 

𝐼𝐿 Inductor current [A] 

𝐽 Electric current flux [A m-2] 

𝑘 Heat transfer coefficient [W m-2 K-1] 

L Inductance [Henry]  

𝑃 Electric power [W] 

𝑃′ Peltier coefficient [-] 

𝑄 Heat power [W] 

𝑄′ Density of Joule heating energy [W m-3] 

𝑞′′ Heat flux [W m-2] 

𝑅 Electrical resistance [Ω] 

𝑅𝐷𝑆 Drain source ON-state resistance [Ω] 

𝑅𝐿 Inductor resistance [Ω] 

𝑆 Seebeck coefficient [V K-1] 

𝑇 Absolute temperature [K] 

𝑇𝑠 Switching cycle [s] 

𝑇𝑂𝑁 ON state time [s] 

𝑇𝑂𝐹𝐹 OFF state time [s] 

𝑡 Time [s] 

 
𝑉 Voltage [V] 

𝑉𝑑 Forward voltage drop [V] 

𝑉𝐿 Inductor voltage [V] 

Greek letters 

∆ Difference  

𝜂 Conversion efficiency 

𝜅 Thermal conductivity [W m-1 K-1] 

𝜌 Density [kg m-3] 

𝜌𝑐 Charge density [C m-3] 

𝜌𝑒 Electrical resistivity [Ω m] 

𝜎 Electrical conductivity [S m] 

𝜏 Time period [s] 

Abbreviations 
TEG Thermoelectric generator 

DC Direct current 

CCM Continuous current mode 

1. Introduction 

Globally, electric power generation is shifting to more 

environment-friendly methods, since the use of 

conventional sources of energy causes more environmental 

issues, including global warming, greenhouse gases, and 

air pollution. This makes the use of renewable energy 

resources crucial. Solar energy has been used in many 

applications, incling electric power generation and in water 
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desalination processes, so a great deal of research has 

focused on developing it as a clean energy resource [1]–

[5]. Moreover, wind energy has been growing rapidly as 

one of the cleanest sources of energy in recent years [6]–

[10]. However, a new renewable energy sources must be 

found to counteract fossil energy's depletion by utilizing 

existing energy resources and seeking new ways of 

utilizing them. One of the latest renewable energy sources 

is thermoelectric generators (TEG) [11]. 

Science has strongly focused on the use of 

thermoelectric generators. Nevertheless, a difference in 

temperature between two semiconductor materials can 

reveal differences in voltage across these materials, 

according to Seebeck in 1822 [12]. TEGs have no moving 

parts and can generate electrical energy from geothermal 

and solar energy reliably and sustainably [13], [14]. 

Furthermore, it can be used at nuclear power plants for 

micro-power generation in the absence of severe accidents 

to ensure that sensors or indicators are functioning 

properly [15]. Mateu et al., 2007, used thermoelectric 

generator modules (TEGs) to harvest the body's energy 

and supply it to a wireless sensing module. Their 

hypothesis was that the TEG heat source comes from the 

human body and the ambient temperature can be 

represented by the TEG sink source [16]. Moreover, TEGs 

have been used for several decades to power space 

vehicles [17], [18]. In 2013, Hadjistassou et al., proposed a 

new design methodology based on a computational and 

analytical analysis, where a  segmented thermoelectric 

generator is proposed having a heat source temperature of 

622.8 K  and a heat sink temperature of 298.2 K [19]. The 

study resulted in increased analytical accuracy. 

Considering its time-efficient framework, the hybrid 

computational-analytical modeling approach achieves a 

very good level of accuracy [19]. Elsheikh H. Mohamed, 

etal. (2014) introduced an in-depth review of 

thermoelectric materials and outlined parameters that 

contribute to the figure of merit thermoelectric efficiency 

(ZT). Furthermore, a discussion of the possibilities for 

optimizing thermoelectric materials was also discussed 

[20]. Kossyvakis D. N. et al., 2016 examined the 

performance of a tandem PV-TEG hybrid by using both 

poly-Si and dye-sensitized solar cells.  Different 

thermoelectric devices with different thermoelement 

geometries were tested to determine their effect on 

performance. Additionally, the results of the experimental 

process have been utilized in order to evaluate the 

performance of the system under real-world operating 

conditions.  According to the results of the analysis 

conducted, when actual operating conditions are taken into 

account, TEGs with shorter thermoelements result in 

increased power output levels [21]. In 2018, Wang et al. 

developed a wearable TEG that can power electronic 

devices (such as a miniaturized accelerometer) by 

harnessing the energy of the human body. They used 52 

pairs of N-type and P-type legs, which were cubic-shaped 

and made from powder materials derived from Bi2Te3. 

They demonstrated that their novel TEG generated 37.2 

mV with only a 50 K temperature change for open circuit 

systems [22].    

Moreover by using TEG, Proto et al., in 2018, analyzed 

the results of measuring the thermal energy harvested from 

human arms and legs. Four large areas from the skin 

(Biceps brachii, Flexor carpi radialis, Gracilis, and 

Gastrocnemius muscle) have been chosen as placement of 

TEG. Furthermore, users can perform daily activities such 

as walking, riding a bike, jogging, and sitting. The authors 

concluded that the power generated took the range of (5-50 

µW) and indicated that legs could be used as a placement 

for TEG due to the variety of biomechanical work 

generated by the gastrocnemius muscle [23]. In addition, 

TEG is used to recover waste heat, where Khalil and 

Hassan presented a 3D study in 2020 of how to enhance 

lost heat recovery by using TEG in chimneys via heat 

spreaders. In their study, the authors investigated how 

different sizes of heat spreaders affected the TEGs' 

performance that were used to recover heat from 

chimneys. As a result, the heat spreaders proved to be an 

effective way to recover waste heat from chimneys via 

TEGs while saving the initial fixed costs of the system. 

Where, TEGs' total power increased by 42% when 140 

mm heat spreaders were used [24]. Furthermore, 

Kanagaraj N. 2021, investigated the performance and the 

design of a hybrid photovoltaic–thermoelectric generator 

system using fractional-order fuzzy logic controllers-based 

maximum power point tracking. Where he studied the 

performance of the proposed maximum power point 

tracking (MPPT) technique under various thermal and 

electrical operating conditions by using a MATLAB 

simulation. According to the author results, the PV and 

TEG combined system provides higher energy efficiency 

than the PV module alone [25]. Al-Qadami et al. in 2022, 

presented a systematic review of the potentials of 

harvesting thermal energy from asphalt pavements and 

assesses the progress being made towards developing these 

technologies through bibliometric analysis. Moreover, they 

discussed the principles and basics of three main types of 

thermal energy harvesting technologies. Furthermore, they 

also described the system's configurations, efficiency, and 

materials [26]. 

It is noteworthy that the TEGs are small, lightweight, 

reliable energy converters since there are no mechanical 

parts to cause vibration or noise [27]. Despite TEG 

advantages, their applications are limited because of the 

high cost [28]. Therefore, in recent years many kinds of 

research have focused on TEG materials and geometry in 

order to get the optimum performance at low cost [29]–

[32]. 

The previous studies focused exclusively on using 

energy directly from thermoelectric generators, which 

restricted their work to applications that required a low 

voltage, or used large numbers of TEGs to increase the 

output voltage level, which increased the overall cost of 

the system. Therefore, in this study, we intend to use only 

a few TEGs in order to achieve a relatively high voltage 

that is suitable for portable devices, such as mobile 

phones. Besides, an integrated simulation is conducted for 

a TEG system, as well as a boost DC/DC converter circuit 

for raising the TEG output voltage. The effect of different 

shapes on the output voltage was also examined by 

simulating two different TEG leg shapes, one with a 

rectangular shape and the other with a cylindrical shape. 

2. Methodology 

According to Fig. 1, the temperature of the human body 

is converted by the TEG into an electrical voltage, and this 

voltage is used as input for the DC/DC boost converter 

system to get an appropriate voltage which will be used for 

charging purpose. Therefore, the methodology contains 

two parts; the TEG part and the DC/DC boost converter 

system part. 
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2.1. Thermoelectric Generator (TEG) 

The thermoelectric generator uses the difference in 

temperature between two sides to generate power. 

Therefore, one side needs to work as a heat source, while 

the other works as a sink source. The difference in 

temperature makes the electrons vibrate more intensely on 

the side with higher temperatures, which makes them 

move more slowly on the side with lower temperatures. As 

a result of this movement, the current appears, which can 

then be exploited as electrical energy. The TEG material 

used in this study is based on bismuth telluride (Bi2Te3). 

However, it consists of a ceramic plate (to enhance thermal 

conductivity), electrode solder material (to reduce thermal 

stress), and a pair of semiconductor legs; P-type and N-

type, as shown in Fig. 2. 

The behavior of the TEG materials are governed by the 

heat transfer equation coupled with the density continuity 

equation as follows [33], [34]; 
  In thermoelectric analysis, the heat flow equation is: 

𝜌𝑐
𝜕𝑇

𝜕𝑡
+  ∇. 𝑞′′ =  𝑄′                                                (1)  

Where; T represents the temperature; t is the time; c 

represents the heat capacity; 𝑞′′ represents a heat flux, and 

𝑄′ is the Joule heating energy. 
The continuity equation for electric charge is;   

∇ . 𝐽 =  
𝜕𝜌𝑐

𝜕𝑡
                                                                 (2) 

Where; J represents the flux of the electric current 

produced by the coupled Seebeck and Joule effects, and 𝜌𝑐  

denotes to charge density. 

 

The Joule heating energy and the heat flux are 

expressed as 

𝑞′′ =  −𝐾 ∇𝑇 + 𝑃′𝐽                                                    (3) 

𝑄′ = 𝐽 .  𝐸                                                                    (4) 

 

Where;  

𝑃′ = 𝑆𝑇                                                                       (5) 

𝐽 =  − 𝜎 ∇𝑉 − 𝜎𝑆∇𝑇                                                  (6) 

By substituting Eq. (3-6) in Eq. (1) and Eq. (2), the 

governing equations will be written as follows: 

𝜌𝑐
𝜕𝑇

𝜕𝑡
+ ∇ . (−𝐾 ∇𝑇 +  𝛼𝑇(−𝜎∇𝑉 − 𝜎𝛼∇𝑇)) =

( −𝜎∇𝑉 − 𝜎𝛼∇𝑇)(−∇𝑉)                                                        (7) 

−𝜎(∇2𝑉 + 𝛼∇2𝑇) =
𝜕𝜌

𝜕𝑡
                                                    (8) 

In Fig. 3, the geometric entries and dimensions have 

been explained for one piece of the studying system of 

rectangular and equivalent cylindrical TEG legs. Ten 

pieces of the TEG system have been used as demonstrated 

in Fig. 4. Every system contains 35 TEG couples 

connected serially by legs. The steady-state case has been 

assumed, and the human temperature represents a heat 

source for the TEG while the ambient temperature is used 

as a cold part of TEG. 

 

 
Figure 1. Block diagrams of the system 

 

 
Figure 2. Thermoelectric Generator 
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Figure 3. TEG geometry: (a) One piece of TEG with rectangular legs, (b) One piece of TEG with equivalents cylindrical legs 

 

Figure 4. Ten pieces of TEG connected serially 

 

 

   



 © 2022 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 16, Number 3  (ISSN 1995-6665) 443 

Table 1 lists the parameters of the N-Type and P-Type 

components of the TEG part that were simulated with the 

ANSYS software package. Further, the ceramic plate has a 

thermal conductivity of 36.5 W m-1 K-1, while the 

resistivity and thermal conductivity of the solder layers are 

1.68*10-8 Ω m and 390 W m-1 K-1, respectively. 

Table 1. The parameters of the TEG materials used in this study 

[35]. 

Components Seebeck 

coefficient [V 
K-1] 

Resistivity  

[Ω m] 

Thermal 

conductivity 
 [W m-1 K-1] 

P-Type 0.0002 8.8*10-6 1.55 

N-Type -0.0002 1*10-5 1.605 

2.2. DC-to-DC Boost converter circuit  

DC-DC power stage converters can be used in portable 

devices to generate the desired DC level. They can also be 

used to reduce ripples, and carry out a variety of other 

functions, such as modifying the voltage level (up or down 

steps), and regulating voltage.  

Boost converter circuits provide greater output voltages 

than input voltages due to the equipment arrangement. By 

using the mentioned converter, the TEG output voltage 

increased to a much more suitable voltage for phone 

charging.  The schematic diagram of the DC/DC 

asynchronous boost converter is shown in Fig. 5. 

 

Figure 5.  Asynchronous step-up DC/DC Converter Circuit 

Schematic. 

Based on the continuous conduction mode (CCM) of 

the converter circuit, the inductor current flows 

continuously during the whole switching period. As a 

ramification, the boost power stage assumes two states per 

switching cycle. The ON state where the switch Q is on 

while diode D is blocked. During this stage, the current 

through the inductor L increase linearly and energy is 

stored in the inductor. The capacitor C supplies energy to 

the load R. The OFF state starts when the switch is off and 

the diode becomes conductive, the energy stored in the 

inductor L is returned to the capacitor and the load R. As 

shown in Fig. 6.  

The duration of the ON stat Ton is given by DTs, where 

D is the duty cycle curb by the control circuit, came across 

as a ratio of the switch ON time to the time of one 

complete switching cycle, Ts.  The duration of the OFF 

state is Toff, and for continuous conduction mode, is equal 

to (1 − 𝐷)𝑇𝑠 as there are only two states per switching 

cycle. These times are shown along with the waveforms in 

Fig.7. 

 
Figure 6. Boost Power Stage States [36] 

 

 
Figure 7. Waveforms of current and voltage in continuous 

inductor current mode (CCM) 

Referring to Fig.6, Fig.7 and [36], the inductor-current 

increase is calculated by using the familiar relationship, 

when the circuit is ON; 

𝑉𝐿 = 𝐿 ×
𝑑𝑖𝐿

𝑑𝑡
→ ∆𝐼𝐿 =

𝑉𝐿

𝐿
× ∆𝑇                                    (9) 

Therefore, the inductor current increases during the on 

state is: 

∆𝐼𝐿
(+) =

𝑉𝑖𝑛−(𝑅𝐷𝑆+𝑅𝐿)𝐼𝐿

𝐿
× 𝑇𝑂𝑁                                  (10) 

Where the ∆𝐼𝐿
(+)represents the inductor ripple current. 

The output capacitor C provides all the output load current 

during this period. 

Conversely, inductor current decreases during the OFF 

state as follows:   

∆𝐼𝐿
(−) =

((𝑉𝑜𝑢𝑡+𝑉𝑑+𝐼𝐿×𝑅𝐿)−𝑉𝑖𝑛)

𝐿
× 𝑇𝑂𝐹𝐹                      (11) 

Where the ∆𝐼𝐿
(−)

represents the inductor ripple current 

also. 

 Under steady-state conditions, the current increase 

during on-time∆𝐼𝐿
(+), and the current decrease during off-

time,∆𝐼𝐿
(−)

, equalize. Alternatively, the inductor current 

would otherwise have a net increase or decrease from 

cycle to cycle, which would not constitute steady state. 
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Thus, by equalizing Eq. (10) and Eq. (11), the continuous 

conduction mode boost voltage conversion relationship 

can be obtained: 

𝑉𝑜𝑢𝑡 = (𝑉𝑖𝑛 − 𝐼𝐿 × 𝑅𝐿) × (1 +
𝑇𝑂𝑁

𝑇𝑂𝐹𝐹
) −               𝑉𝑑 −

𝑉𝐷𝑆 × (
𝑇𝑂𝑁

𝑇𝑂𝐹𝐹
)                                                                    (12)                            

Let 𝑇𝑠 = 𝑇𝑂𝑁 + 𝑇𝑂𝐹𝐹, 𝐷 = (
𝑇𝑂𝑁

𝑇𝑆
), and (1 − 𝐷) =  

𝑇𝑂𝐹𝐹

𝑇𝑆
, 

then the steady-state equation for 𝑉𝑜𝑢𝑡is: 

𝑉𝑜𝑢𝑡 =
𝑉𝑖𝑛−𝐼𝐿×𝑅𝐿

1−𝐷
− 𝑉𝑑 − 𝑉𝐷𝑆 ×

𝐷

1−𝐷
                          (13) 

Since the𝑅𝐿, 𝑉𝑑 , 𝑎𝑛𝑑 𝑉𝐷𝑆are insignificant enough to 

ignore, then Eq. (13) becomes:   

𝑉𝑜𝑢𝑡 =
𝑉𝑖𝑛

1−𝐷
                                                                (14) 

The boost inductance is defined as[37], [38]: 

𝐿 =
𝑅𝐷 (1−𝐷)

2𝐹𝑠
                                                                       (15) 

Moreover, the switching frequency, 𝐹𝑠 is presumed to 

be (25000 Hz).  

For the boost output filter capacitor, Eq. 16 gives the 

required capacitance value (C) as a function of ripple 

voltage (∆ 𝑉𝑜), the duty cycle (D), the switching 

frequency𝐹𝑠, and the output voltage [37], [38], and [39]: 

𝐶 ≥  
𝑉𝑜𝐷

𝐹𝑠∆𝑉𝑜𝑅
                                                                         (16) 

The output voltage ripple is assumed to be 1%. 

3. Results and Discussion 

3.1. TEG simulation results  

Ten pieces of the TEG system have been used. Each 

system consists of 35 TEGs connected serially by legs. 

Due to the difference in temperature between the cold and 

hot TEG legs sides and since these legs are serially 

connected, the electric voltage will be generated (which is 

already the Seebeck effect phenomenon). Fig. 8, shows the 

3D voltage distribution for one piece of TEG when the 

TEG legs have a rectangular form. 

Also, Fig. 9, shows the 3D electric voltage distribution 

but when the TEG legs have an equivalent cylindrical 

shape. Fig. 9-b, gives more visualization about the entries 

of the system, where the shape of TEG legs has been 

explicitly exposed.  

Fig. 10 and Fig. 11 show the 3D TEGs temperature 

distribution for rectangular and cylindrical TEG legs form, 

respectively. The hot side of the TEG is represented by 

human body temperature (which is 37.8 C), while the cold 

TEG side is the ambient temperature. It is obvious that the 

difference is very little in the value of the electric voltage 

coming out of the two mentioned TEG shapes, where the 

percentage of the difference is about (0.2%). Moreover, 

the conformity of the results of the TEG part for the 

current work with the published work [35], can be seen in 

Fig. 12, which confirms the accuracy of the results 

obtained in this study, where a human body temperature of 

37.8 degrees Celsius represents the hot side of the TEG, 

whereas the ambient temperature represents the cold side. 

 
Figure 8. Volt distribution on one piece that contains 35 TEG couples with rectangular TEG legs shape.  
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Figure 9. Volt distribution on one piece that contains 35 TEG couples with equivalent cylindrical TEG legs shape. 

 
Figure 10.Temperature distributionon one piece that contains 35 TEG couples with rectangular TEG legs shape. 

 
Figure 11. Temperature distribution on one piece that contains 35 TEG couples with equivalent cylindrical TEG legs shape. 
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3.2. Boost converter Simulation Results: 

The boost converter, an asynchronous circuit, is modeled 

in Matlab/Simulink as shown in Fig. 13. The voltage input 

to this model comes from TEG systems (which is 2.165 

V), with a switching frequency 25 kHz. 

Fig. 14, reveals the output voltage of the converter 

concerning time obtained from Matlab simulation, which 

is (5V). While Fig. 15 shows the output current, which is 

3000mA. The duty cycle is 0.567 for an operating 

frequency of 25 kHz. 

The circuit diagram used for PSPICE / Simulink of the 

step-up converter is shown in Fig. 16. The purpose of this 

circuit is to measure output voltage across the resister R1, 

Moreover, Fig. 17 shows the output voltage across R1 

which becomes stable after sometime, and remains at 5 V. 

 
Figure 12. The output electrical voltage vs. temperature. 

 

Figure 13. Circuit Diagramof the Boost DC/DC Converter used in MATLAB 

 

Figure 14. Vo (Output Voltage) vs time in MATLAB 

 
Figure 15. IO(output current) vs Time in MATLAB. 
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Figure 16. Circuit diagram of boost converter used in P PSPICE 

 
Figure 17. Vout (Output Voltage) vs time in PESCPIC  

4. Conclusion  

A complete modeling and simulation of TEG system 

with a boost converter circuit was developed. The 

proposed TEG system consists of ten pieces of the TEGs 

with a total length of 0.29185 m. Each system that consists 

of 35 TEG couples connected serially by legs, has been 

simulated by using the finite element method. There is 

only a slight difference (0.2%) between the output 

response of the TEG electric voltage when two different 

leg shapes are used (the rectangular and equivalent 

cylindrical ones). In addition, an asynchronous DC to DC 

boost converter with continuous current mode was 

established. Simulations were conducted using MATLAB 

and PSPICE, and corresponding waveforms were obtained. 

The output voltage across the output capacitor is 5 V with 

a maximum output ripple of 1%. Based on the results from 

the simulation programs, we can see that the results 

obtained are somewhat similar and are also comparable to 

the desired result from the TEG system and power 

conversion circuit.  
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